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This thesis deals with the development of a Visual
Densitometer, for measuring transmission density, called a
"Null-Balance Visual Densitometer".
This is a simple instrument made using a calibrated
continuous tone negative step wedge. It was used for
measuring continuous tone reference patches as used for
process control of color separations, in place of an
electronic densitometer.
The measurements were made by a comparison between the
control step wedge and the samples in close proximity over a
light table.
The basis for this instrument is the human eye's
ability to differentiate between two areas of brightness in
close proximity.
The study involved 20 operators making visual
comparisons of 22 samples that ranged between 0.20 and 2.04,
two sets of measurements were made to determine if the
surrouding light from the light table had an effect on the
results.
The test proved that the variation of the instrument as
tested was greater than that is necessary for process
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The subject of Quality Control has been one of my
favorite subject areas throughout my undergraduate career.
The job of obtaining excellent, consistent, and predictable
results throughout the printing process is a difficult and
involving task. It
is"
achieved only by a combination of
conditions and their perfect interactions. Conditions such
as fine color separations, good originals, equipment,
pressmanship, and materials, as well as skilled craftsmen
working under a controlled environment with the aid of
sophisticated electronic and optical equipment to facilitate
and standardize their work, are essential parts of a good
printing operation. All of these make possible the creation
of fine printing; within boundaries of quality and
consistency previously determined at the start of the
process.
For the above mentioned elements to be possible, each
one of the conditions involved in the production of printed
materials must be present. Quality Control must be
maintained throughout the complete process. This is
possible with the use of educated, skilled, and well trained
personnel, with a high level of responsibility and
dedication to their work. Also, with the aid of electronic
and optical measurement devices that take the subjective
variables out of the process.
Coming from a developing country where social and
economic conditions do not favor the existence of most of
the previously stated conditions, I have experienced the
need for an effective, inexpensive, and simple instrument
for measuring densities to maintain control during the
process of making Color Separations. An instrument which
would allow some degree of control and a systematic approach
during the reproduction process, is very much needed.
Chapter II
DEFINITION OF THE PROBLEM
There is a need for a technique for measuring
continuous tone density on film, one which would be
accurate, simple, and inexpensive to implement.
The principal component in this technique is an
inexpensive and accurate instrument with which to make
correct measurements.
There are many reasons why printers do not buy and use
electronic densitometers in my country (The Dominican
Republic), reasons that are typical of many other under
developed nations.
Cost is probably the main factor. The majority of the
printing shops are small. They cannot afford to buy
expensive pieces of equipment, such as electronic
densitometers. In the Dominican Republic this equipment is
more expensive than in the U. S., because of monetary
exchange rates, shipping costs, and especially the import
duties, which, in some cases, would bring the price up by
200%. By the time it gets to the printer, if he can afford
it, the price is doubled.
Electronic densitometers, like any other electronic
instrument, are sensitive to variations in the line voltage,
frequency, and supply. Constant fluctuations in line
voltage, reduce the reliability and accuracy of the
instruments. They also damage them. Interruptions in the
electric supply, during the day are not unusual in
underdeveloped contries, and the use of emergency power
generators only aggravates the problem of the quality of the
electric current. To make it worse, when the power returns,
it frequently does so with a very high voltage, which
usually damages the equipment that is left on.
Service is another reason why printers stay away from
these sophisticated electronic devices. Since there are not
many units in the country, spare parts are not stocked by
the vendors. Technicians are not familiar with their
operation and repairs, making it difficult for servicing any
damaged unit.
In this thesis, the author is concerned with the
development and experimentation of a Null-Balance Visual
Densitometer .
Basically, this instrument is a calibrated step wedge
that is placed next to a control patch on the film. The
control patch is visually matched to a step in the
calibrated wedge. This should give a close approximation to
the density of the control patch on the film.
It is a major concern of the author to design an
instrument that is simple and inexpensive to produce, either
commercially or by the user himself, using a calibrated step
wedge available from different suppliers.
Experiments will be made to determine the accuracy of
the measurements made with this instrument under different




A measurement technique for measuring continuous tone
density on photographic film can be devised, using a visual
comparison of a calibrated reference to a sample in close
proximity that will produce measurements with a variability
not exceeding those suggested for good control in a
particular process.
In this case, the measurements are not to exceed those
suggested by Kodak and Mr. Miles Southworth in his book
Color Separation Techniques1. During the process of making
Masks and Separation negatives using the indirect method,
tolerances for the A-M and M-B ranges on the magenta and
yellow separation negatives are 0.03, the A-B range
tolerances are + 0.10. In the Direct Screen methods,
tolerances in Mask # are + 0.05.
This instrument is not intended to replace an existing
electronic device, but to help with process control under
conditions where, at the present time, no process density
measurement device is used.
During the presentation of the thesis proposal for
this work, it was suggested by the members of the committee
that the light reaching the operator's eye at the time the
measurements were made, may have an effect on the results of
the experiment. This presents a second hypothesis, which
follows.
Hypothesis 2
Reduction of the surrounding light, from the light
table, during visual density measurements will decrease the
measurement error of the Null-Balance Visual Densitometer.
The source of this light is the surrounding area on
the light table that remains uncovered by the instrument and
the sample when the measurements are made. This possible
influencing effect can be avoided by covering the
surrounding area with a black cloth.
Chapter IV
LITERATURE SEARCH
The basis for this Null-Balance Visual Densitometer is
the human visual system's ability to dif ferenciate between
two areas of brightness in close proximity.
Experiments in the areas of Visual Perception,
Just-
Noticeable-Differences, and Threshold of Vision date back to
the 1800's.
In 1835 E.H. Weber concluded that: "As a
stimulus increases in geometrical proportion the
sensation it arouses increases in arithmetical
proportion, i.e. the smallest brightness difference
necessary in order to distinguish between two tones
of gray is a constant fraction of the brightness of
the darkest
tone."2
This is known as the "Weber-
Fechner
Law."
During his experiments, Weber, concluded that: "Under
normal viewing conditions, differences in brightness of
approximately 2% between neighboring patches can be
distinguished."3
These conclusions support the author's
theory that a device for visually matching densities in
Continuous Tone Film, would be accurate enough to meet the
requirements in a Color Separation Process.
Later, in 1889, Gustav T. Fechner, in his book
Elements der Psychophysik . published a more general and
mathematical interpretation of Weber's work4. Since then,
this has been known as "Fechner's Law", which, in short,
states that "The eye responds logarithmically to
luminance". The mathematical model to his statement is :
B=m log L+C; where B is brightness, L is luminance, m is a
proportionality constant, and C is a constant of
integration. Fechner arrived at this relation from a study
of Weber's experimental data on Just-Noticeable-
Differences.5
If Fechner's Law is true, then the eye
perceives changes in luminescence in a similar manner, as
the Electronic Densitometers provide numerical readings of
Density. Density being the Logarithm base 10 of the inverse
of the percent transmittance, (D=Log10 1/T%). Transmittance
is the ratio of transmitted light over incident light,
(T=t/i) .
Later researchers, as cited by Michells and Helson in
the American Journal of Psychology, showed that, "if this
logarithmic relation is correct, the value of C should be
different for each level of adaptation of the eye, the
adaptation being influenced by the luminances of the area
being examined, the luminances of the surround, and the
previous stimulation of the
retina"6
Which means that the
ambient illumination and the amount of light that is
reaching the user's eyes at the time the measurements are
made, will influence their ability to distinguish between
the step in the calibrated wedge and the sample being
measured.
10
T. H. James and E. Kenneth Mees in the third (3rd)
edition of their book The__.Thr>xy_.of the Photographic
Process, published in 1966, go into an in-depth discussion
of the Theory of subjective Tone Reproduction. They
discuss G.T. Fechner's theories and other works that suggest
that the Human Visual System responds to certain equations
for determining the magnitude of Just-Noticeable-Differences
in luminance.
In his book Sight and Mind, an Introduction to Visual
Perception", Lloyd Kaufman presents an experiment which is
the basis for Weber's Law, an experiment that resembles the
use of the Null-Balance Visual Densitometer. What follows is
a discussion of that experiment.
He states that "two patches are presented
shortly after a warning tone, one on each side of
the fixation point. One of the two patches-say,
the one on the left of the fixation point-is always
of some fixed or standard luminance, and is known
as the standard stimulus. The other patch may have
one of several possible luminances and so is known
as the variable stimulus. Your task as an observer






standard patch on the
left".^
He continues "when the variable is very much
dimmer than the patch on the left, the observer
will have no trouble at all in saying that it is
dimmer than the standard. Also, if the luminance of
the variable is several times greater than that of
the standard, the observer will have no difficulty
in judging it to be brighter. Difficulty arouses
when the luminance of the variable is nearly the
same as that of the standard patch. At times the
observer may feel that it is not brighter. This
leads to essentially statistical
results".10
11
When Kaufman refers to "essential statistical results",
he is acknowledging the fact that these are subjective
observations and they are influenced by many factors which
are not possible to isolate. These factors vary in the
individual observers in an unpredictable manner, therefore
leading to uncertainties and inconsistencies in the results.
Kaufman presents the mathematical model for Weber's
Law: D(.75) / X=C; where C is a constant, D(.75)/X, is
Weber's fraction, needed to produce a .75 probability of
detecting an increment in luminance, and X is the luminance
of the comparison stimulus. The Weber fraction is
independent of the absolute magnitude of the standard
stimulus.
-1-
Taking Weber's Law as true we can state that there is
a 0.75 probability that adding 2% of its luminance to any
stimulus, will make it appear to be brighter than the
stimulus to which the increment had been added.
2
In the
Null-Balance Visual Densitometer the probability that the
observer will make the best possible match of the standard
to the sample, will be increased by the possibility of using
an elimination routine. This routine will provide three or
more levels of brightness to decide which one is closest to
the sample.
12
By mathematical manipulation of the luminance of the
standard and the increments of the variable, Kaufman
demonstrates that there is a proportional relation between
the Weber fractions associated with a fixed probability of
discriminating an increase in luminance and the logarithm of
the stimulus luminance.
3
The mathematical model for Fechner's Law is; B=m Log
L+C, a combination of both will result in; D(.75) /X=m log
L+C; where L is the luminance of the comparison stimulus, C
is the absolute threshold for luminance.
"Fechner's Law has been disputed. One
objection is that the difference threshold is not
always a constant proportion of the luminance to
which the increment is added. Another is that the
difference threshold obtained when one adds a bit
of energy to a baseline stimulus is not the same as
the threshold obtained when a bit of energy is
substracted from the baseline stimulus. Weber's
Law is not always true, it too is open to
criticism.
nl
The Null-Balance Visual Densitometer partially
compensates for those objections by providing multiple steps
of varying luminance levels to differentiate from, when
making a measurement. The elimination routine increases the
probability of obtaining the closest match, and gives the
user the choice of taking an arbitrary middle point between
two consecutive standard steps, thus increasing his
accuracy.
13
This, and other works, presents the theory behind a
visual match of two areas of density in close proximity.
The Kodak No. 1 densitometer is based on this theory.
It uses optical means to bring the two areas to close
proximity for matching. It uses a calibrated continuous
density wedge and a light box for uniform lighting of both
areas. The author has been unable to locate any information
on the No. 1 Densitometer and has learned about it from old
sales catalogs which do not provide much information and
details of its operation.
In 1962, R. D. Zakia published an article on PMI, part
of which was a suggestion of a "$5
densitometer"
using a
calibrated Kodak 14 step wedge and a piece of cardboard to
mask out the rest of the area and make the match over a
light box. This is the same idea behind the Null-Balance
Visual Densitometer.
The author has been unable to locate more specific
information about Just-Noticeable-Difference and the
existence of any device similar to what the
Null-Balance-
Visual densitometer is trying to accomplish.
14
SUMMARY OF THE LITERATURE
The work of the different authors presented in this
section, supports the author's theory that the eye can
accurately match two areas of brightness in close proximity,
thus supporting the feasibility of the Null-Balance Visual
Densitometer as an alternative to the sophisticated and
expensive Electronic Densitometers available in the market,




A. A prototype Null-Balance Visual Densitometer was
made to be used during the experiments that
follow. Samples were chosen to be measured at
random and measured with an electronic
densitometer. A preliminary experiment was made
to determine the sample size for the experiment in
order to detect a variation of + 0.03 and to
estimate the standard deviations of the
populations.
B. A commercially available step wedge to be used as
the calibrated reference original was located.
(Stouffer's 21-step wedge is readily available in
most print shops).
'
The density of each step was read with an
electronic densitometer. Stouffer's 21-step wedge
has average density increments of 0.15. Stouffer's
21-step wedge was chosen because it is one of the
most commonly found gray scales in print shops
throughout the world. This in keeping with the
main objectives of this instrument which is its
simplicity of manufacturing and to maintain some
degree of uniformity if used in the future by
different individuals.
16
C. A prototype Null-Balance Visual Densitometer was
built for easy comparison of the standards and the
samples in close proximity. It was made in




pages 38 and 40 of this thesis. (Appendix B).
D. Samples were made to be measured during the
experiment. These samples ranged between 0.02 and
2.04 density, 22 were chosen so that they covered
the complete range in small increments.
E. The density of each sample was determined by using
a commercially available Electronic Densitometer.
(See Table 2, Appendix A, page 32).
F. Preliminary Experiment
1. A preliminary experiment was made to
determine the sample size needed for the
experiment and to estimate the standard
deviation of the population, which was
unknown.
2. The measurements were made by placing the
sample and the Null-Balance Visual
Densitometer over a light table in close
proximity, in such way that the sample to be
measured and the control wedge on the
17
instrument were as close as possible, without
overlapping and with no space in between
them. They were made in accordance with the
instruction on "How to Use the Null-Balance
Visual Densitometer", as it appears on page
40 of this thesis. (Appendix B).
3. Sample Size for the Experiment
2
It was suggested by the members of the
Thesis Committee that reviewed the proposal
for this paper that the intensity of the
light directly reaching the operator's eye
could have an effect on the results of the
experiment. Since the purpose of this thesis
is to prove whether the NBVD is statistically
accurate enough to be used for process
control or not, two sets of 22 measurements
were made; one with the area surrounding the
NBVD covered with a black cloth, and the
other without covering the surrounding.
4. Calculations
Since the population standard deviation is
unknown, and we are concerned with finding
the appropriate sample size, in order to
detect a difference in measurement average of
0.03 or greater, we use the formula;
18
D =
The resulting value is then used for looking
up in Table A. 11 (Appendix C, page 53). Data
from Table 4.A. (Appendix A, page 46).
a = 0.05
0 = 0.1 D = 0.03 = 0.981
s = 0.020628 0.020628
8 = 0.03
Enter Table A. 11 at D = 1.00; in the third
major column, headed 0.05, and under the
value of 0.01 for /tf we find the number 21.
21 (twenty one) is the required sample size
in order to find the difference in the means
with an a risk of 0.05 and a /3 risk of
0.1.
s = the standard deviation of the total
number of observations (44) taken by one
operator in the preliminary experiment. It is
assumed as the standard deviation of the
populations, 0.020628 (22 measurements with
the light table covered and 22 measurements
with the light table uncovered). Table 3, 4




During the experiment different operators in different
printing shops made measurements using the same Null-Balance
Visual Densitometer. They measured the same samples as in
the preliminary experiment, but they used the light tables
available at their respective work places.
Twenty two (22) samples were measured two times by
each of the twenty (20) operators, once with the light table
covered and once with the light table uncovered, as in the
preliminary experiment.
This resulted in two sets of twenty two (22)
measurements each, done by each one of the twenty (20)
different operators, using different light tables. A total
of 440 measurements were made with the light table covered,
and 440 measurements with the light table uncovered for a
grand total of 880 measurements.
The data from this experiment appears in Tables 5-44,
pages 47 to 86. (Appendix E).
Two summary tables with the results for each set of




n 11 5i'*ifljiiJu:5'*0*.^i"^ftr*r|S''''*,'JI1* "




s <v si ni i -v-vi ii si . *ca> * oi <*i <s- *
i 11 V) Ii
u ii i' <i
om,fu,,n%,''j*n.*^rur1lc*'*t?*'^vr'
" "
- ! Z SS^rTrfin-S-^S^'v^cS^ coC^g--^;
h
5itoj(V'^-mtf-j.aS*oDc5^,0'* * ?Jfv-^*'V "
" u
**"_:-:_;__: _-_-v-^_:-;_:_;_:JJ-JtuiO S tl
u gN,.4.*JV* -----<[
M
u [! wh*****-*'i's*?"**,'11?15S?"5 !'
j t SF n*---in.-frtv- **,< . ii
I h It
ft er n x n
__
m
Il5ll X HAJ'*?lv)nba3aA^^A tT> ct C^ C~' *JJf-[r(*-9n. I. Jt 11
Z a !! 3 *
* ~
{| ^
I. t_J M I I' II I)
n i. tW*">*"'',*"-'V*"-MW<Vi\i|"VC^'VJ'*^JfUO'^^^K d , |i
u n S u (unmninriaijiricSaDa cic -, ,fKr.r>^ci v c i>
;: I!
i" n n ti ti it a, i, , HHBBnaiiPiii
M >- M f^f|P^,|^g(jry'V<\IIV'W Pt CT* 10**~ *V C"*
ff* * *" *- I
II tn " M fu "jTo >r irt^ iP B aa; c t*^ at- -ar ^r.r.r'C'*
ii ut u i
u ftj n c ac ii
I II =>W tl
.i , =>
h ifli- i (UfvJiT^ini^ into ajtt. aSc**
;, s es i
r 3p e
i 1 1 _ >- , Mnr*wfui\<BOo/M^jr<i
n n mi- ii runjr^inioiiitjJtiimAaa p<i
i' t& ,,
jj-
d 9M?A^waia^a a- . rj rj n
* n => uj n "
u ii mD u
n h z n n
i n ^>- h nn>^N.i\iivccD(viv<M ire1 kot-~ *~- <*j c ^
*- t^. ** u
H fi Ln i f\l (Vi'^^i^u."iff,'C c
c~ * *
-: -
c~ D"1 * <\J u
h ii uj- i. . . n
ii f n tn it sassiOoiese__ nj <\j
H Il OK II
i' ii 5-j " u
n B *. :: li
11 tr ? n njr-i^i-5nart^ia^ijo^ir>c'* ^>* i*5 f^ *- 01 <v
n vc h in i acsfrrfi,'a.&(risaE ai . furv
ii
~
ii IS ii I
H tn 'i rvj nj -i ri i ^.^^ ir a; ~. c~ -^i ^r -- . c tT' a
i in n





ii X ii i'
i n >- 11 nwip^ryrunjmffltvnjfup^ct*ijnjf fycnO' -* ii
I tl in f ii runj^llnininOiilQDffi CVC1'>^* ij r- r*CS l\l n
20
H :i II _ It
i h ir> ii & s s. . t
(0
0)
> ex: ctr>* -ar >c r r~- &t pt s>
:=' n 02
'
X l> II I
UJ II - II OZ
-in i> r lu ii
a n z ii
r >- m ^t-jr.r^.ojro>fuCJi^Er^triXir-r oj ct***
^--
I
i tn i n oj,-u^iroiOk",u:oiriro:cnr- *-3-vT,^i7,c*'rij I
U II* >-ra5>-f^*-<v[\jojr\jfV&. p>ijnjr*- <\j CT* W^ '^^ II
n ii lti i i' ru'^,*ir)ij,Ji,'.4l.j3<EctCc~'C^ 1 1~ j %*;r i tr^ <si cu ii
h vi i< cn n 9e>s>avi>aed3aa^1 -̂ rucu 11
ii r- ii ir? i
n n oz >
u-i i> "jiMnr-iu^^a'^toarir cnc "!
^^CMT'^n.' it
i t> ii tn ti 5J"i(sie^<s.A.cvfciiaiiJ-3i
^ r0-"0 u
t n O z n
i ii >u n
i ii ii ii
i n ,
'
>- M f")-l r*. rt: njru ^m CUfU OJ C*^ pikOrvr^M O* r ar 1~~ ar n
i ii in>- " ruc\j'-itriMTtO*ja^D^tt!^ffNC^ '5-*j>"a3r.fft0^^ry 11





>- , . ~1 i-l rn rv it oj
g-
,-,_ ,>j n, (\j (^ p,^
ti ii ojrv,*i''*iuri'^iXi,")|a!cra:r,(Ti-
i i tn
^ ii nj nj '"^ ^^ in lo ^jd u? ^^ ^! C* C
n CL ii >- M * ar ^llTl "1*
i,^ ^^io tt:' <x^ co c*^ c
TT'in r\j ? >~~
*
-fu* aaO
r~- O Q^cr ,&i H
S
li-!'






I' > a< f tS tt* -1^. <-j nj f-1 <s r-1 Oi -i
>'
J 7 % ^& * >r I'
I'









^, * ^i * <t
t 3r:iij-^'^cr.a-ntiva3'JS .\j f?f5-?Xci_^v?S---'t.
''
c " 'uro'^arininu34oajeia:[ri>irijni*-i4J~.4i[T>*(iv n
" C&Saj,c'ftvaV--J----rUl'ul'
- H fi X
"* *~ * - **- "*- . n.
c a9at>tavaB9^AB^v>a^>'
it 5 n E iinixir^irtSinS^wr^a! ^c,, ''S'' *iS us *- ff> tr*w n z
fi _ i. *"-"- c
" H S e '' ^cuij ^
> i_i ii S ii -
li nj'onnirtirtlrtirtvaDu) S^
JSt-!*
.^ Sb r- ^i^i? 1! S
II * JJJJ^JJJJC
L ii * >- !
"ii-it^t^/yiVBHOijivi^ (r*e"i*,Jfvruotp">.-fc-. u
t li m ^ I
~
J t"Un




**>>^aii^ .* _: i nj ru <
ii ii = i is.
" * " nn-e^i^jevrjrurururu(7^o^rui%jf^rvi^^*'*-*--t>Lfc'
n u-> .. rufuntrtin irtul unao 5>ff> c-Si hOrs.pi pts s
cn
_ u? '**'; rufu ii _i
f M o Z " t. a
" f Z> u/ 'i u *-
!! S J. Z
i >-
ina.iM<p(uoojn(iv tr^C"1 waeu tfuoc,*N"- m
" * mi H >\j run LDtiJ b^u3ivoaai ^<^ i-n ^hCr^p^trisv u
r tK VC
" '^'^s>. )-------fljfU -
'
' Jr. S ! x
n * i. h
h H l 3^ i. -I'l -. rY it i'j ar
i\. fu Aj r, p> r- r^i -, -s fy
r" C!^ * -^ u
n ii m ? ji njru'^u^aOinulinmOC ^Cf"^'"^^'^3*"-''~0*,CT,* "
iir-.ii in , a> . n. .'. <v si ai ct ai ei V I - - - ro n
m ii r- -J H
n IT Z ! b






* muii fOjnj-)irti"i>tjO*aOi3COa> fritr"". -rt*Jr.cr-o>li
i hO u ui ii cs,n-ix.(%.aciS'oi<ia.(%.et^a.' " rj u
i;
ii z> -lj a h
i"
i. t >- ir ^^ ph ^- ru or r\j ff* ^rj ru ru r^ &*r* t^'Xi r*^ ru c* CT"* -^ ** *^ n
u (itri_ iirj<v,~Jir)ij?i<Tai^i^3^c^Cr>-'wi'^0'^^-Cit^C>i
i un n in ii so-c!. a. <% ts. a. i* - rucO t>
u Z- J i I. li
.1
! ii 1,1 n fu PJ'OrMrl lilifl ulffl fflffl PC" I t'O ^a^^.CT^Cr'^,i II
^
.1 aw ii n Stv&.-&Ct-^'i.l*.iS^ia^ fw i
s |; :; ^ s ;; ::








>i ru < io m &s&s>s&&s a!J rufw t.
J i i! ae. i'
!2- < ii mi- n MrwiuimirinuifflffiC e'p^m^i'rMi'.c'>p'
lu n n in >i &&BO)G)eiB)ssifi*(iJJJ^-.^ Jnlnj
c= ii > >- ii Mfnr^ryffitusiO)fururv(r'ir>LDfur.ruF<Cr,*,r.t>- n
c: " ti in i ii i\j(ui*)iiiiinu3iiiOffiO0iffiM'nkANr<.(r<a'S n
si ii tn n fj>rss<sts9S9Saj>sJ ~runj n
kj r - QZ n
_j
i. ii>uin n
G II II Z II U
i* m >-
nrir*-ru^c\j^cVnj><MnJff'cnruru^rvi7,,0^^-*T,f^ "




aj aj co [nc i-\'o





> s&sss&ijVffirssiseisJ^' ~ i ro
z: i n inS il
in - ii a ii
t> it (-T>- ,. i^fOK\)(\jtv5<V<vf\.' tmt^vonjr-rviC"-ar^-r.^- ti
f n yi* ii (Ufuioiilinin^uaccoo cnfrrKkOr-.^cwc
i' c> m in ii a-&.'^irfcai^^rs.'^i^aici~ rO u
' ii C Z ti n
;; j| >
uj m it
ii !>_>- n r^.i^r^oi<\inja]Qnjru<VtcFi7<nj<M>*.nj(M>^ar f^i*. ii
i> m in ii nruniOaiTu"j)*J3iriajo^o>i-i'*)>*'ia0r'-i"''-^' ti
r~- ii est ii sn*cv*i5aie*s- (uoj n




ii ii >- ti 'H'Hr*.cvjr\j<^jij^ryojr\jo%ot*\jru'^-rv^ri-*'^"'*-'~- h
'i ii tn t n cwru*^ininuiij3ij3cOoaiiripii'*fruBr*fjioi*s n
ii ^o it in ii . -s ^ *s. vC e~- <t a. tv J i rj ru i,
li II oz li II
f n => UJ n n
. II O.C3 u II
I. M 3 II II
> it t-T>- (i rimr^rutoojajtonjftjfupicnjoixir^iMO^crt^Tkf*, ii
ii li in n fVi,1jromu0li1JVOU3oaB)ICiC1'^TvDr>-r*.C" Il
i if) il in n ti1vsS9SSg.J------(0rj n
n ii ca Z r ii
ii ;is:: ii
n ii i-T >- ii i-lT*r\JD(\l'0'\J>\JtUi\lffN^CuM'^M<n'*N'"'''k- Ii
ii il in i. OJ(u'"lli"J1^U"3ka3./")rorottC*iCr,(-5P'S^'<1aJ'r--'~-C^O^^ ,,
-ar li ii S9cl)9t>f>v'S90fS------>-"nJ II
ii ii o z ..
l> II > UJ 11 l|
. ii i >-
'onr*.njiv'y<p(rf\iivrur,c*ivDi\Jrv*vjt"'*''4*ri," "
i. in* ti Ajfu'^i/iirjiOajjij^o^cnc'i- r^^-yor* cr,Q,siff' n
,, H >UJ I. II
u ii z t ;i
ti h-- **- n r-. ri -^. r\j r\, r\j tti^ ru ru r\/ ^* O^ r\j ru ****. ru r1*
c* -^ ^ ^*> n
n in " -i
\nOiTk"
ij;i.''o)iDCDCCrir^r1*uJ*ivn5iS I'
li OJ II li ii S'VS^ft.SSWOiW** MftJ II
ii iiiSij i|
M iii_>- * rn<^">.\j(\jivlOtO'Vi\i"Jr,(*,i\j|Vr,1MI''**r"f* "
i u uii- ii i\j,^'^irtliTW^O>J<0<O^C*lT*'-l'*i^Va3,~lTiO^<S^ n
n ti in ii is>c^^t6is:ui.i%i.-"i.v *;'(> ru ru
..
H O Z ! '
;_>-.
JJ
il Z u *
II U H II M It It M U II )l 1) IT H H N II H ||
l< U 11 H II M W II
n ti > n -r jinn* ffip'iSii-i^wtomC^iiifuttir^
- -
n




I. "1 ^ kJ ? <r (C Ci C U
J* ^ r-~ cc C ?. c- I
n ii
tf1
1 1 W ^ av <v .' <av ^ t " o^ ai : ' ' ru ru u









1. Hypothesis 1 stated that "A measurement technique
for measuring continuous tone density on photographic film
can be devised, using a visual comparison of a calibrated
reference to a sample in close proximity that will produce
measurements with a variability not exceeding those
suggested for good control in a particular process". In this
case the measurements are not to exceed + 0.03, (range of
0.06). Since the mean range for the total group tested was
0.086 and the standard deviation of the range 0.031 it is
concluded that, the instrument as tested by this particular
group of operators had a variation larger than the required
maximum of 0.06 for tolerances not to exceed + 0.03.
Standard deviation of 0.03 implies that a variation of 0.03
may be as large as 0.09 in some cases, thus further
supporting the rejection of the first hypothesis.
2. Hypothesis 2 stated "The reduction of the
surrounding light, from the light table during visual
density measurements will decrease the measurement error of
the Null-Balance Visual Densitometer". From the analysis of
the data of both groups the researcher found very little
variation between the measurements made with the light table
covered and the light table uncovered. The mean range with
the light table covered was 0.084, the standard deviation
0.029. The mean range with the light table uncovered was
0.088 and its corresponding standard deviation 0.032. This
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researcher therefore rejected the second hypothesis and
conclude, that the measurement accuracy of the two groups
does not vary significantly enough to expect greater
accuracy when measurements are made with reduced surrounding
light from the light table.
4. There appears to be no difference in variability for




The Null-Balance Visual Densitometer used for these
experiments, does not have the sufficient accuracy to be
used for controlling a process with tolerances that do not
exceed 0.03. Because of the resulting mean range (0.086),
and standard deviation (0.031), it may be used for processes
with larger tolerances than + 0.05.
The difference between measurement techniques, light
table covered or uncovered, was small enough to conclude
that there is no sufficient evidence to indicate that a
difference in accuracy level would occur when measurements
are made using either method.
The level of density being measured had no significant




While the results of these experiments do not support
the theory that the eye can match two areas of brightness in
close proximity, as stated in the beginning of this thesis,
this author feels that the accuracy level at which it can be
done could be improved. It is obvious then, that some degree
of process control might be obtained by using a more refined
technique. Operators could learn to be more precise in their
judgment.
Once perfected, it should be the responsibility of the
suppliers of color separation films, to promote the use of
the NBVD in those countries where the use of electronic
densitometers is limited. This would help to improve the
quality of printing in those countries.
Some suggestions for future research are:
1. Use a negative gray scale, as the standard
reference step wedge, with smaller density increments
between steps. The author believes this is the most
significant factor to increase the accuracy of the
instrument.
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2. Use a smaller sample size when running the experiment.
The author believes that fatigue and lack of patience
may have had an effect on the accuracy of the
measurements made in this experiment.
3. Select a more realistic set of sample densities to be
measured. The operators doing the tests were conscious
of the fact that this was only an experiment. The
concentration and attention to details needed were not
present in the majority of the cases.
4. Carefully select the operators, in order to only
use those directly involved in making color
separations (or working with whatever process is
intended to control).
5. Do further research by experimenting with two
instruments, with different standard step wedge
density increments, to determine which instrument
provides the results with the least measurement error.
6. When making visual measurements, allow the operator to
estimate the value, in the event perfect match is not
possible. The error due to large difference between
steps of the control step tablet could be minimized.
This is also in accordance with the theory discussed at
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WITH LIGHT TABLE COVERED
SAMPLE SCALE STEP NBVD NBVD EST REAL DIFFERENCE
#
l
# # # DENSITY DENSITY
1 1 1 8 1.16 1.15 0.01
2 1 4 7 0.99 0.98 0.01
3 1 6 6 0.82 0.83 0.01
4 1 10 4 0.52 0.53 0.01
5 1 15 2 0.23 0.24 0.01
6 3 2 14 2.07 2.04 0.03
7 3 3 12 1.79 1.87 0.08
8 3 10 6 0.82 0.80 0.02
9 3 11 5 0.68 0.68 0.00
10 3 12 4 0.52 0.54 0.02
11 3 14 3 0.37 0.36 0.01
12 3 17 2 0.23 0.20 0.03
13 4 3 15 2.24 2.04 0.20
14 4 4 13 1.94 1.94 0.00
15 4 5 12 1.79 1.78 0.01
16 4 6 11 1.62 1.62 0.00
17 4 7 10 1.47 1.45 0.02
18 4 8 9 1.32 1.29 0.03
19 4 10 7 0.99 0.98 0.01
20 4 11 6 0.82 0.84 0.02
21 4 12 5 0.68 0.69 0.01








WITH LIGHT TABLE UNCOVERED
SAMPLE SCALE STEP NBVD NBVD EST. REAL DIFFERENCE
# # # # DENSITY DENSITY
1 1 1 9 1.32 1.15 0.17
2 1 4 7 0.99 0.98 0.01
3 1 6 6 0.82 0.83 0.01
4 1 10 4 0.52 0.53 0.01
5 1 15 2 0.23 0.24 0.01
6 3 2 13 1.94 2.04 0.10
7 3 3 12 1.79 1.87 0.08
8 3 10 6 0.82 0.80 0.02
9 3 11 5 0.68 0.68 0.00
10 3 12 4 0.52 0.54 0.02
11 3 14 3 0.37 0.36 0.01
12 3 17 2 0.23 0.20 0.03
13 4 3 14 2.07 2.04 0.03
14 4 4 13 1.94 1.94 0.00
15 4 5 12 1.79 1.78 0.01
16 4 6 11 1.62 1.62 0.00
17 4 7 10 1.47 1.45 0.02
18 4 8 9 1.32 1.29 0.03
19 4 10 7 0.99 0.98 0.01
20 4 11 6 0.82 0.84 0.02
21 4 12 5 0.68 0.69 0.01









22 WITH LIGHT TABLE COVERED AND 22 UNCOVERED
SAMPLE SCALE STEP NBVD NBVD EST REAL DIFFERENCE
# # # # DENSITY DENSITY
1 1 1 8 1.16 1.15 0.01
2 1 4 7 0.99 0.98 0.01
3 1 6 6 0.82 0.83 0.01
4 1 10 4 0.52 0.53 0.01
5 1 15 2 0.23 0.24 0.01
6 3 2 14 2.07 2.04 0.03
7 3 3 13 1.94 1.87 0.07
8 3 10 6 0.82 0.80 0.02
9 3 11 5 0.68 0.68 0.00
10 3 12 4 0.52 0.54 0.02
11 3 14 3 0.37 0.36 0.01
12 3 17 2 0.23 0.20 0.03
13 4 3 14 2.07 2.04 0.03
14 4 4 13 1.94 1.94 0.00
15 4 5 12 1.79 1.78 0.01
16 4 6 11 1.62 1.62 0.00
17 4 7 10 1.47 1.45 0.02
18 4 8 9 1.32 1.29 0.03
19 4 10 7 0.99 0.98 0.01
20 4 11 6 0.82 0.84 0.02
21 4 12 5 0.68 0.69 0.01
22 4 16 3 0.37 0.45 0.08
23 1 1 8 1.16 1.15 0.01
24 1 4 7 0.99 0.98 0.01
25 1 6 6 0.82 0.83 0.01
26 1 10 4 0.52 0.53 0.01
27 1 15 2 0.23 0.24 0.01
28 3 2 14 2.07 2.04 0.03
29 3 3 12 1.79 1.87 0.08
30 3 10 6 0.82 0.80 0.02
31 3 11 5 0.68 0.68 0.00
32 3 12 4 0.52 0.54 0.02
33 3 14 3 0.37 0.36 0.01
34 3 17 2 0.23 0.20 0.03
35 4 3 14 2.07 2.04 0.03
36 4 4 13 1.94 1.94 0.00
37 4 5 12 1.79 1.78 0.01
38 4 6 11 1.62 1.62 0.00
39 4 7 10 1.47 1.45 0.02
40 4 8 9 1.32 1.29 0.03
41 4 10 7 0.99 0.98 0.01
42 4 11 6 0.82 0.84 0.02
43 4 12 5 0.68 0.69 0.01







MAKING THE NULL-BALANCE VISUAL DENSITOMETER
1. Locate a piece of black paper approximately
11x17"
similar to the ones that are used as offset plate
dividers for packing by different mannufacturers. This
material must not allow the light to go through it.
2. Fold in half along the
11"
side to obtain a folded
piece of 11 x 8 1/2.
3. Locate the approximate middle point. Using a stripping
knife or a pair of scissors, make two cuts of 1/2 inch
into the fold, in right angle to the fold and with a
separation of approximately 1/4 of an inch.
4. Make another cut between the two previous ones,
parallel to the fold and 1/2 inch away from it, thus
severing a rectangular piece and making a window that,




5. Obtain a STOUFFER'S 21 STEP SENSITIVITY GUIDE, made by
STOUFFER GRAPHIC ARTS EQUIPMENT CO., of South Bend,
Indiana, U.S.A. (This is a l/2"x
5"
21-step Sensitivity
Guide commonly used for Platemaking ).
6. Obtain access to an electronic transmission
densitometer and take the density measurements of each
step, making a list that corresponds to the numbers on
the step wedge. This is going to be the control wedge
from which measurements will be made.
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the step wedge on the left side of the cardboard at
approximately the middle, in such a way that the
numbers on the control wedge will contact the edge of
the cardboard and the rest will be over the side of it.
Use transparent tape to attach the control wedge.
8. Place the cardboard with the control wedge inside the
folded piece of paper that was made in step 4.
9. Slide the long piece of cardboard so that the control
wedge shows through the window opening. Check to see
that the size of the opening is large enough to read
the number on the control wedge and is small enough to
allow only one step to be seen completely.
10. The Null-Balance Visual Densitometer is now ready for
operation.
Figure 1




















Obtain o STOUFFER'S 21 STEP
SENSITIVITY GUIDE
Step 6




Mount the step wedge on the cordboord
Slepe 8 ond 9
Slide the cordboord so thol the
control wedge thows Ihrough
the windov.
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HOW TO USE THE NULL-BALANCE VISUAL DENSITOMETER
1. All measurements must be done over a stripping light
table.
2. Take the sample to be measured. This sample should be a
control patch as used when making Masks or Continuous
Tone Negatives during the color separation process. Using
a knife, cut on the edge so that the border is part of
the patch.
3. On the light table, place the sample to the left and the
instrument on the right, next to the sample. Bring the
sample and the control wedge on the instrument as close
as possible, without overlapping and with no space in
between them.
4. Slide the control wedge until the patch that matches (or
is closest to the sample density) is right next to it.
5. Using the control wedge step number which corresponds
and the list of densities previously measured, find the
density of the measured sample.
6. Move the control wedge up and down until there is a clear
best match, in order to increase the accuracy.
7. Since the density increments between steps on the control
wedge are of an average of 0.15, many times an exact
match is not possible. The user can then choose an
arbitrary density value, which is between the two closest
values of the control wedge. This is at the discretion
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WITH LIGHT TABLE COVERED
SAMPLE SCALE STEP NBVD NBVD EST. REAL DIFFERENCE
# # # # DENSITY DENSITY
12 3 17 2 0.23 0.20 0.03
5 1 15 2 0.23 0.24 0.01
11 3 14 3 0.37 0.36 0.01
22 4 16 3 0.37 0.45 0.08
4 1 10 4 0.52 0.53 0.01
10 3 12 4 0.52 0.54 0.02
9 3 11 5 0.68 0.68 0.00
21 4 12 5 0.68 0.69 0.01
8 3 10 6 0.82 0.80 0.02
3 1 6 6 0.82 0.83 0.01
20 4 11 6 0.82 0.84 0.02
2 1 4 7 0.99 0.98 0.01
19 4 10 7 0.99 0.98 0.01
1 1 1 8 1.16 1.15 0.01
18 4 8 10 1.47 1.29 0.18
17 4 7 10 1.47 1.45 0.02
16 4 6 11 1.62 1.62 0.00
15 4 5 12 1.79 1.78 0.01
7 3 3 13 1.94 1.87 0.07
14 4 4 13 1.94 1.94 0.00
6 3 2 14 2.07 2.04 0.03





WITH LIGHT TABLE UNCOVERED
SAMPLE SCALE STEP NBVD NBVD EST. REAL DIFFERENCE
# # # # DENSITY DENSITY
12 3 17 2 0.23 0.20 0.03
5 1 15 2 0.23 0.24 0.01
11 3 14 3 0.37 0.36 0.01
22 4 16 4 0.52 0.45 0.07
4 1 10 4 0.52 0.53 0.01
10 3 12 4 0.52 0.54 0.02
9 3 11 5 0.68 0.68 0.00
21 4 12 5 0.68 0.69 0.01
8 3 10 6 0.82 0.80 0.02
3 1 6 6 0.82 0.83 0.01
20 4 11 6 0.82 0.84 0.02
2 1 4 7 0.99 0.98 0.01
19 4 10 7 0.99 0.98 0.01
1 1 1 9 1.32 1.15 0.17
18 4 8 9 1.32 1.29 0.03
17 4 7 10 1.47 1.45 0.02
16 4 6 11 1.62 1.62 0.00
15 4 5 12 1.79 1.78 0.01
7 3 3 13 1.94 1.87 0.07
14 4 4 13 1.94 1.94 0.00
6 3 2 14 2.07 2.04 0.03







WITH LIGHT TABLE COVERED
SAMPLE SCALE STEP NBVD NBVD EST. REAL DIFFERENCE
# # # # DENSITY DENSITY
12 3 17 2 0.23 0.20 0.03
5 1 15 2 0.23 0.24 0.01
11 3 14 3 0.37 0.36 0.01
22 4 16 3 0.37 0.45 0.08
4 1 10 5 0.68 0.53 0.15
10 3 12 4 0.52 0.54 0.02
9 3 11 5 0.68 0.68 0.00
21 4 12 4 0.52 0.69 0.17
8 3 10 6 0.82 0.80 0.02
3 1 6 6 0.82 0.83 0.01
20 4 11 6 0.82 0.84 0.02
2 1 4 7 0.99 0.98 0.01
19 4 10 7 0.99 0.98 0.01
1 1 1 8 1.16 1.15 0.01
18 4 8 10 1.47 1.29 0.18
17 4 7 10 1.47 1.45 0.02
16 4 6 11 1.62 1.62 0.00
15 4 5 12 1.79 1.78 0.01
7 3 3 12 1.79 1.87 0.08
14 4 4 13 1.94 1.94 0.00
6 3 2 14 2.07 2.04 0.03






WITH LIGHT TABLE UNCOVERED
SAMPLE SCALE STEP NBVD NBVD EST. REAL DIFFERENCE
# # # # DENSITY DENSITY
12 3 17 3 0.37 0.20 0.17
5 1 15 2 0.23 0.24 0.01
11 3 14 3 0.37 0.36 0.01
22 4 16 4 0.52 0.45 0.07
4 1 10 4 0.52 0.53 0.01
10 3 12 4 0.52 0.54 0.02
9 3 11 5 0.68 0.68 0.00
21 4 12 5 0.68 0.69 0.01
8 3 10 6 0.82 0.80 0.02
3 1 6 6 0.82 0.83 0.01
20 4 11 6 0.82 0.84 0.02
2 1 4 7 0.99 0.98 0.01
19 4 10 7 0.99 0.98 0.01
1 1 1 9 1.32 1.15 0.17
18 4 8 9 1.32 1.29 0.03
17 4 7 10 1.47 1.45 0.02
16 4 6 11 1.62 1.62 0.00
15 4 5 12 1.79 1.78 0.01
7 3 3 12 1.79 1.87 0.08
14 4 4 13 1.94 1.94 0.00
6 3 2 14 2.07 2.04 0.03





WITH LIGHT TABLE COVERED
SAMPLE SCALE STEP NBVD NBVD EST. REAL DIFFERENCE
# # # # DENSITY DENSITY
12 3 17 2 0.23 0.20 0.03
5 1 15 3 0.37 0.24 0.13
11 3 14 3 0.37 0.36 0.01
22 4 16 3 0.37 0.45 0.08
4 1 10 4 0.52 0.53 0.01
10 3 12 4 0.52 0.54 0.02
9 3 11 5 0.68 0.68 0.00
21 4 12 5 0.68 0.69 0.01
8 3 10 6 0.82 0.80 0.02
3 1 6 6 0.82 0.83 0.01
20 4 11 6 0.82 0.84 0.02
2 1 4 7 0.99 0.98 0.01
19 4 10 7 0.99 0.98 0.01
1 1 1 8 1.16 1.15 0.01
18 4 8 9 1.32 1.29 0.03
17 4 7 10 1.47 1.45 0.02
16 4 6 11 1.62 1.62 0.00
15 4 5 12 1.79 1.78 0.01
7 3 3 12 1.79 1.87 0.08
14 4 4 13 1.94 1.94 0.00
6 3 2 14 2.07 2.04 0.03





WITH LIGHT TABLE UNCOVERED
SAMPLE SCALE STEP NBVD NBVD EST. REAL DIFFERENCE
# # # # DENSITY DENSITY
12 3 17 2 0.23 0.20 0.03
5 1 15 2 0.23 0.24 0.01
11 3 14 3 0.37 0.36 0.01
22 4 16 4 0.52 0.45 0.07
4 1 10 4 0.52 0.53 0.01
10 3 12 4 0.52 0.54 0.02
9 3 11 5 0.68 0.68 0.00
21 4 12 5 0.68 0.69 0.01
8 3 10 6 0.82 0.80 0.02
3 1 6 6 0.82 0.83 0.01
20 4 11 6 0.82 0.84 0.02
2 1 4 7 0.99 0.98 0.01
19 4 10 7 0.99 0.98 0.01
1 1 1 8 1.16 1.15 0.01
18 4 8 9 1.32 1.29 0.03
17 4 7 10 1.47 1.45 0.02
16 4 6 11 1.62 1.62 0.00
15 4 5 12 1.79 1.78 0.01
7 3 3 13 1.94 1.87 0.07
14 4 4 13 1.94 1.94 0.00
6 3 2 14 2.07 2.04 0.03
13 4 3 13 1.94 2.04 0.10






WITH LIGHT TABLE COVERED
SAMPLE SCALE STEP NBVD NBVD EST. REAL DIFFERENCE
# t # # DENSITY DENSITY
12 3 17 2 0.23 0.20 0.03
5 1 15 2 0.23 0.24 0.01
11 3 14 3 0.37 0.36 0.01
22 4 16 3 0.37 0.45 0.08
4 1 10 4 0.52 0.53 0.01
10 3 12 4 0.52 0.54 0.02
9 3 11 5 0.68 0.68 0.00
21 4 12 5 0.68 0.69 0.01
8 3 10 6 0.82 0.80 0.02
3 1 6 6 0.82 0.83 0.01
20 4 11 6 0.82 0.84 0.02
2 1 4 7 0.99 0.98 0.01
19 4 10 7 0.99 0.98 0.01
1 1 1 8 1.16 1.15 0.01
18 4 8 10 1.47 1.29 0.18
17 4 7 10 1.47 1.45 0.02
16 4 6 11 1.62 1.62 0.00
15 4 5 12 1.79 1.78 0.01
7 3 3 13 1.94 1.87 0.07
14 4 4 13 1.94 1.94 0.00
6 3 2 14 2.07 2.04 0.03





WITH LIGHT TABLE UNCOVERED
SAMPLE SCALE STEI1 NBVD NBVD EST. REAL DIFFERENCE
# # # # DENSITY DENSITY
12 3 17 2 0.23 0.20 0.03
5 1 15 2 0.23 0.24 0.01
11 3 14 3 0.37 0.36 0.01
22 4 16 4 0.52 0.45 0.07
4 1 10 5 0.68 0.53 0.15
10 3 12 4 0.52 0.54 0.02
9 3 11 5 0.68 0.68 0.00
21 4 12 4 0.52 0.69 0.17
8 3 10 6 0.82 0.80 0.02
3 1 6 6 0.82 0.83 0.01
20 4 11 6 0.82 0.84 0.02
2 1 4 7 0.99 0.98 0.01
19 4 10 7 0.99 0.98 0.01
1 1 1 9 1.32 1.15 0.17
18 4 8 9 1.32 1.29 0.03
17 4 7 10 1.47 1.45 0.02
16 4 6 11 1.62 1.62 0.00
15 4 5 12 1.79 1.78 0.01
7 3 3 12 1.79 1.87 0.08
14 4 4 13 1.94 1.94 0.00
6 3 2 13 1.94 2.04 0.10
13 4 3 14 2.07 2.04 0.03





WITH LIGHT TABLE COVERED
SAMPLE SCALE STEP NBVD NBVD EST. REAL DIFFERENCE
t # # # DENSITY DENSITY
12 3 17 2 0.23 0.20 0.03
5 1 15 2 0.23 0.24 0.01
11 3 14 3 0.37 0.36 0.01
22 4 16 4 0.52 0.45 0.07
4 1 10 4 0.52 0.53 0.01
10 3 12 4 0.52 0.54 0.02
9 3 11 5 0.68 0.68 0.00
21 4 12 5 0.68 0.69 0.01
8 3 10 6 0.82 0.80 0.02
3 1 6 6 0.82 0.83 0.01
20 4 11 6 0.82 0.84 0.02
2 1 4 7 0.99 0.98 0.01
19 4 10 7 0.99 0.98 0.01
1 1 1 8 1.16 1.15 0.01
18 4 8 9 1.32 1.29 0.03
17 4 7 10 1.47 1.45 0.02
16 4 6 11 1.62 1.62 0.00
15 4 5 12 1.79 1.78 0.01
7 3 3 13 1.94 1.87 0.07
14 4 4 13 1.94 1.94 0.00
6 3 2 14 2.07 2.04 0.03






WITH LIGHT TABLE UNCOVERED
SAMPLE SCALE STEP NBVD NBVD EST. REAL DIFFERENCE
# # # # DENSITY DENSITY
12 3 17 2 0.23 0.20 0.03
5 1 15 2 0.23 0.24 0.01
11 3 14 3 0.37 0.36 0.01
22 4 16 4 0.52 0.45 0.07
4 1 10 5 0.68 0.53 0.15
10 3 12 4 0.52 0.54 0.02
9 3 11 5 0.68 0.68 0.00
21 4 12 5 0.68 0.69 0.01
8 3 10 6 0.82 0.80 0.02
3 1 6 6 0.82 0.83 0.01
20 4 11 6 0.82 0.84 0.02
2 1 4 7 0.99 0.98 0.01
19 4 10 7 0.99 0.98 0.01
1 1 1 8 1.16 1.15 0.01
18 4 8 9 1.32 1.29 0.03
17 4 7 10 1.47 1.45 0.02
16 4 6 11 1.62 1.62 0.00
15 4 5 12 1.79 1.78 0.01
7 3 3 12 1.79 1.87 0.08
14 4 4 13 1.94 1.94 0.00
6 3 2 14 2.07 2.04 0.03





WITH LIGHT TABLE COVERED
SAMPLE SCALE STEP NBVD NBVD EST. REAL DIFFERENCE
# # # # DENSITY DENSITY
12 3 17 2 0.23 0.20 0.03
5 1 15 2 0.23 0.24 0.01
11 3 14 3 0.37 0.36 0.01
22 4 16 3 0.37 0.45 0.08
4 1 10 4 0.52 0.53 0.01
10 3 12 4 0.52 0.54 0.02
9 3 11 5 0.68 0.68 0.00
21 4 12 5 0.68 0.69 0.01
8 3 10 6 0.82 0.80 0.02
3 1 6 6 0.82 0.83 0.01
20 4 11 6 0.82 0.84 0.02
2 1 4 7 0.99 0.98 0.01
19 4 10 7 0.99 0.98 0.01
1 1 1 8 1.16 1.15 0.01
18 4 8 10 1.47 1.29 0.18
17 4 7 10 1.47 1.45 0.02
16 4 6 11 1.62 1.62 0.00
15 4 5 12 1.79 1.78 0.01
7 3 3 13 1.94 1.87 0.07
14 4 4 13 1.94 1.94 0.00
6 3 2 14 2.07 2.04 0.03





WITH LIGHT TABLE UNCOVERED
SAMPLE SCALE STEI NBVD NBVD EST. REAL DIFFERENCE
# # # # DENSITY DENSITY
12 3 17 2 0.23 0.20 0.03
5 1 15 2 0.23 0.24 0.01
11 3 14 3 0.37 0.36 0.01
22 4 16 4 0.52 0.45 0.07
4 1 10 4 0.52 0.53 0.01
10 3 12 4 0.52 0.54 0.02
9 3 11 5 0.68 0.68 0.00
21 4 12 5 0.68 0.69 0.01
8 3 10 6 0.82 0.80 0.02
3 1 6 6 0.82 0.83 0.01
20 4 11 6 0.82 0.84 0.02
2 1 4 7 0.99 0.98 0.01
19 4 10 7 0.99 0.98 0.01
1 1 1 9 1.32 1.15 0.17
18 4 8 9 1.32 1.29 0.03
17 4 7 10 1.47 1.45 0.02
16 4 6 11 1.62 1.62 0.00
15 4 5 12 1.79 1.78 0.01
7 3 3 13 1.94 1.87 0.07
14 4 4 13 1.94 1.94 0.00
6 3 2 14 2.07 2.04 0.03





WITH LIGHT TABLE COVERED
SAMPLE SCALE STEI' NBVD NBVD EST. REAL DIFFERENCE
# # # # DENSITY DENSITY
12 3 17 2 0.23 0.20 0.03
5 1 15 2 0.23 0.24 0.01
11 3 14 3 0.37 0.36 0.01
22 4 16 3 0.37 0.45 0.08
4 1 10 5 0.68 0.53 0.15
10 3 12 4 0.52 0.54 0.02
9 3 11 5 0.68 0.68 0.00
21 4 12 4 0.52 0.69 0.17
8 3 10 6 0.82 0.80 0.02
3 1 6 6 0.82 0.83 0.01
20 4 11 6 0.82 0.84 0.02
2 1 4 7 0.99 0.98 0.01
19 4 10 7 0.99 0.98 0.01
1 1 1 8 1.16 1.15 0.01
18 4 8 10 1.47 1.29 0.18
17 4 7 10 1.47 1.45 0.02
16 4 6 11 1.62 1.62 0.00
15 4 5 12 1.79 1.78 0.01
7 3 3 12 1.79 1.87 0.08
14 4 4 13 1.94 1.94 0.00
6 3 2 14 2.07 2.04 0.03





WITH LIGHT TABLE UNCOVERED
SAMPLE SCALE STEP NBVD NBVD EST. REAL DIFFERENCE
# # # # DENSITY DENSITY
12 3 17 3 0.37 0.20 0.17
5 1 15 2 0.23 0.24 0.01
11 3 14 3 0.37 0.36 0.01
22 4 16 4 0.52 0.45 0.07
4 1 10 4 0.52 0.53 0.01
10 3 12 4 0.52 0.54 0.02
9 3 11 5 0.68 0.68 0.00
21 4 12 5 0.68 0.69 0.01
8 3 10 6 0.82 0.80 0.02
3 1 6 6 0.82 0.83 0.01
20 4 11 6 0.82 0.84 0.02
2 1 4 7 0.99 0.98 0.01
19 4 10 7 0.99 0.98 0.01
1 1 1 9 1.32 1.15 0.17
18 4 8 9 1.32 1.29 0.03
17 4 7 10 1.47 1.45 0.02
16 4 6 11 1.62 1.62 0.00
15 4 5 12 1.79 1.78 0.01
7 3 3 12 1.79 1.87 0.08
14 4 4 13 1.94 1.94 0.00
6 3 2 14 2.07 2.04 0.03





WITH LIGHT TABLE COVERED
SAMPLE SCALE STEP NBVD NBVD EST. REAL DIFFERENCE
# # # # DENSITY DENSITY
12 3 17 2 0.23 0.20 0.03
5 1 15 3 0.37 0.24 0.13
11 3 14 3 0.37 0.36 0.01
22 4 16 3 0.37 0.45 0.08
4 1 10 4 0.52 0.53 0.01
10 3 12 4 0.52 0.54 0.02
9 3 11 5 0.68 0.68 0.00
21 4 12 5 0.68 0.69 0.01
8 3 10 6 0.82 0.80 0.02
3 1 6 6 0.82 0.83 0.01
20 4 11 6 0.82 0.84 0.02
2 1 4 7 0.99 0.98 0.01
19 4 10 7 0.99 0.98 0.01
1 1 1 8 1.16 1.15 0.01
18 4 8 9 1.32 1.29 0.03
17 4 7 10 1.47 1.45 0.02
16 4 6 11 1.62 1.62 0.00
15 4 5 12 1.79 1.78 0.01
7 3 3 12 1.79 1.87 0.08
14 4 4 13 1.94 1.94 0.00
6 3 2 14 2.07 2.04 0.03






WITH LIGHT TABLE UNCOVERED
SAMPLE SCALE STEP NBVD NBVD EST. REAL DIFFERENCE
# # # # DENSITY DENSITY
12 3 17 2 0.23 0.20 0.03
5 1 15 2 0.23 0.24 0.01
11 3 14 3 0.37 0.36 0.01
22 4 16 4 0.52 0.45 0.07
4 1 10 4 0.52 0.53 0.01
10 3 12 4 0.52 0.54 0.02
9 3 11 5 0.68 0.68 0.00
21 4 12 5 0.68 0.69 0.01
8 3 10 6 0.82 0.80 0.02
3 1 6 6 0.82 0.83 0.01
20 4 11 6 0.82 0.84 0.02
2 1 4 7 0.99 0.98 0.01
19 4 10 7 0.99 0.98 0.01
1 1 1 8 1.16 1.15 0.01
18 4 8 9 1.32 1.29 0.03
17 4 7 10 1.47 1.45 0.02
16 4 6 11 1.62 1.62 0.00
15 4 5 12 1.79 1.78 0.01
7 3 3 13 1.94 1.87 0.07
14 4 4 13 1.94 1.94 0.00
6 3 2 14 2.07 2.04 0.03





WITH LIGHT TABLE COVERED
SAMPLE SCALE STEP NBVD NBVD EST. REAL DIFFERENCE
# # # # DENSITY DENSITY
12 3 17 2 0.23 0.20 0.03
5 1 15 2 0.23 0.24 0.01
11 3 14 3 0.37 0.36 0.01
22 4 16 3 0.37 0.45 0.08
4 1 10 4 0.52 0.53 0.01
10 3 12 4 0.52 0.54 0.02
9 3 11 5 0.68 0.68 0.00
21 4 12 5 0.68 0.69 0.01
8 3 10 6 0.82 0.80 0.02
3 1 6 6 0.82 0.83 0.01
20 4 11 6 0.82 0.84 0.02
2 1 4 7 0.99 0.98 0.01
19 4 10 7 0.99 0.98 0.01
1 1 1 8 1.16 1.15 0.01
18 4 8 10 1.47 1.29 0.18
17 4 7 10 1.47 1.45 0.02
16 4 6 11 1.62 1.62 0.00
15 4 5 12 1.79 1.78 0.01
7 3 3 13 1.94 1.87 0.07
14 4 4 13 1.94 1.94 0.00
6 3 2 14 2.07 2.04 0.03





WITH LIGHT TABLE UNCOVERED
SAMPLE SCALE STEP1 NBVD NBVD EST. REAL DIFFERENCE
# # # # DENSITY DENSITY
12 3 17 2 0.23 0.20 0.03
5 1 15 2 0.23 0.24 0.01
11 3 14 3 0.37 0.36 0.01
22 4 16 4 0.52 0.45 0.07
4 1 10 5 0.68 0.53 0.15
10 3 12 4 0.52 0.54 0.02
9 3 11 5 0.68 0.68 0.00
21 4 12 4 0.52 0.69 0.17
8 3 10 6 0.82 0.80 0.02
3 1 6 6 0.82 0.83 0.01
20 4 11 6 0.82 0.84 0.02
2 1 4 7 0.99 0.98 0.01
19 4 10 7 0.99 0.98 0.01
1 1 1 9 1.32 1.15 0.17
18 4 8 9 1.32 1.29 0.03
17 4 7 10 1.47 1.45 0.02
16 4 6 11 1.62 1.62 0.00
15 4 5 12 1.79 1.78 0.01
7 3 3 12 1.79 1.87 0.08
14 4 4 13 1.94 1.94 0.00
6 3 2 13 1.94 2.04 0.10







WITH LIGHT TABLE COVERED
SAMPLE SCALE STEP NBVD iNBVD EST. REAL DIFFERENCE
# # # # DENSITY DENSITY
12 3 17 2 0.23 0.20 0.03
5 1 15 2 0.23 0.24 0.01
11 3 14 3 0.37 0.36 0.01
22 4 16 4 0.52 0.45 0.07
4 1 10 4 0.52 0.53 0.01
10 3 12 4 0.52 0.54 0.02
9 3 11 5 0.68 0.68 0.00
21 4 12 5 0.68 0.69 0.01
8 3 10 6 0.82 0.80 0.02
3 1 6 6 0.82 0.83 0.01
20 4 11 6 0.82 0.84 0.02
2 1 4 7 0.99 0.98 0.01
19 4 10 7 0.99 0.98 0.01
1 1 1 8 1.16 1.15 0.01
18 4 8 9 1.32 1.29 0.03
17 4 7 10 1.47 1.45 0.02
16 4 6 11 1.62 1.62 0.00
15 4 5 12 1.79 1.78 0.01
7 3 3 13 1.94 1.87 0.07
14 4 4 13 1.94 1.94 0.00
6 3 2 14 2.07 2.04 0.03





WITH LIGHT TABLE UNCOVERED
SAMPLE SCALE STEP NBVD NBVD EST. REAL DIFFERENCE
# # # # DENSITY DENSITY
12 3 17 2 0.23 0.20 0.03
5 1 15 2 0.23 0.24 0.01
11 3 14 3 0.37 0.36 0.01
22 4 16 4 0.52 0.45 0.07
4 1 10 5 0.68 0.53 0.15
10 3 12 4 0.52 0.54 0.02
9 3 11 5 0.68 0.68 0.00
21 4 12 5 0.68 0.69 0.01
8 3 10 6 0.82 0.80 0.02
3 1 6 6 0.82 0.83 0.01
20 4 11 6 0.82 0.84 0.02
2 1 4 7 0.99 0.98 0.01
19 4 10 7 0.99 0.98 0.01
1 1 1 8 1.16 1.15 0.01
18 4 8 9 1.32 1.29 0.03
17 4 7 10 1.47 1.45 0.02
16 4 6 11 1.62 1.62 0.00
15 4 5 12 1.79 1.78 0.01
7 3 3 12 1.79 1.87 0.08
14 4 4 13 1.94 1.94 0.00
6 3 2 14 2.07 2.04 0.03





WITH LIGHT TABLE COVERED
SAMPLE SCALE STEP NBVD NBVD EST. REAL DIFFERENCE
# # # # DENSITY DENSITY
12 3 17 2 0.23 0.20 0.03
5 1 15 2 0.23 0.24 0.01
11 3 14 3 0.37 0.36 0.01
22 4 16 3 0.37 0.45 0.08
4 1 10 4 0.52 0.53 0.01
10 3 12 3 0.37 0.54 0.17
9 3 11 5 0.68 0.68 0.00
21 4 12 4 0.52 0.69 0.17
8 3 10 6 0.82 0.80 0.02
3 1 6 6 0.82 0.83 0.01
20 4 11 6 0.82 0.84 0.02
2 1 4 7 0.99 0.98 0.01
19 4 10 7 0.99 0.98 0.01
1 1 1 8 1.16 1.15 0.01
18 4 8 10 1.47 1.29 0.18
17 4 7 10 1.47 1.45 0.02
16 4 6 11 1.62 1.62 0.00
15 4 5 12 1.79 1.78 0.01
7 3 3 12 1.79 1.87 0.08
14 4 4 13 1.94 1.94 0.00
6 3 2 14 2.07 2.04 0.03







WITH LIGHT TABLE UNCOVERED
SAMPLE SCALE STEP NBVD NBVD EST. REAL DIFFERENCE
# # # # DENSITY DENSITY
12 3 17 2 0.23 0.20 0.03
5 1 15 2 0.23 0.24 0.01
11 3 14 3 0.37 0.36 0.01
22 4 16 4 0.52 0.45 0.07
4 1 10 4 0.52 0.53 0.01
10 3 12 4 0.52 0.54 0.02
9 3 11 4 0.52 0.68 0.16
21 4 12 4 0.52 0.69 0.17
8 3 10 6 0.82 0.80 0.02
3 1 6 6 0.82 0.83 0.01
20 4 11 6 0.82 0.84 0.02
2 1 4 7 0.99 0.98 0.01
19 4 10 7 0.99 0.98 0.01
1 1 1 9 1.32 1.15 0.17
18 4 8 9 1.32 1.29 0.03
17 4 7 10 1.47 1.45 0.02
16 4 6 11 1.62 1.62 0.00
15 4 5 12 1.79 1.78 0.01
7 3 3 13 1.94 1.87 0.07
14 4 4 13 1.94 1.94 0.00
6 3 2 14 2.07 2.04 0.03







WITH LIGHT TABLE COVERED
SAMPLE SCALE STEP NBVD NBVD EST. REAL DIFFERENCE
# # # # DENSITY DENSITY
12 3 17 2 0.23 0.20 0.03
5 1 15 2 0.23 0.24 0.01
11 3 14 3 0.37 0.36 0.01
22 4 16 3 0.37 0.45 0.08
4 1 10 5 0.68 0.53 0.15
10 3 12 4 0.52 0.54 0.02
9 3 11 5 0.68 0.68 0.00
21 4 12 4 0.52 0.69 0.17
8 3 10 6 0.82 0.80 0.02
3 1 6 6 0.82 0.83 0.01
20 4 11 6 0.82 0.84 0.02
2 1 4 7 0.99 0.98 0.01
19 4 10 7 0.99 0.98 0.01
1 1 1 8 1.16 1.15 0.01
18 4 8 10 1.47 1.29 0.18
17 4 7 10 1.47 1.45 0.02
16 4 6 11 1.62 1.62 0.00
15 4 5 12 1.79 1.78 0.01
7 3 3 12 1.79 1.87 0.08
14 4 4 13 1.94 1.94 0.00
6 3 2 13 1.94 2.04 0.10





WITH LIGHT TABLE UNCOVERED
SAMPLE SCALE STEP NBVD NBVD EST. REAL DIFFERENCE
# # # # DENSITY DENSITY
12 3 17 2 0.23 0.20 0.03
5 1 15 2 0.23 0.24 0.01
11 3 14 3 0.37 0.36 0.01
22 4 16 3 0.37 0.45 0.08
4 1 10 4 0.52 0.53 0.01
10 3 12 4 0.52 0.54 0.02
9 3 11 5 0.68 0.68 0.00
21 4 12 5 0.68 0.69 0.01
8 3 10 6 0.82 0.80 0.02
3 1 6 6 0.82 0.83 0.01
20 4 11 6 0.82 0.84 0.02
2 1 4 7 0.99 0.98 0.01
19 4 10 7 0.99 0.98 0.01
1 1 1 8 1.16 1.15 0.01
18 4 8 9 1.32 1.29 0.03
17 4 7 11 1.62 1.45 0.17
16 4 6 11 1.62 1.62 0.00
15 4 5 12 1.79 1.78 0.01
7 3 3 12 1.79 1.87 0.08
14 4 4 13 1.94 1.94 0.00
6 3 2 14 2.07 2.04 0.03





WITH LIGHT TABLE COVERED
SAMPLE SCALE STEP NBVD NBVD EST. REAL DIFFERENCE
# # # # DENSITY DENSITY
12 3 17 2 0.23 0.20 0.03
5 1 15 2 0.23 0.24 0.01
11 3 14 3 0.37 0.36 0.01
22 4 16 3 0.37 0.45 0.08
4 1 10 4 0.52 0.53 0.01
10 3 12 5 0.68 0.54 0.14
9 3 11 5 0.68 0.68 0.00
21 4 12 5 0.68 0.69 0.01
8 3 10 6 0.82 0.80 0.02
3 1 6 6 0.82 0.83 0.01
20 4 11 6 0.82 0.84 0.02
2 1 4 7 0.99 0.98 0.01
19 4 10 6 0.82 0.98 0.16
1 1 1 8 1.16 1.15 0.01
18 4 8 9 1.32 1.29 0.03
17 4 7 11 1.62 1.45 0.17
16 4 6 11 1.62 1.62 0.00
15 4 5 12 1.79 1.78 0.01
7 3 3 12 1.79 1.87 0.08
14 4 4 13 1.94 1.94 0.00
6 3 2 14 2.07 2.04 0.03





WITH LIGHT TABLE UNCOVERED
SAMPLE SCALE STEP NBVD NBVD EST. REAL DIFFERENCE
# # # # DENSITY DENSITY
12 3 17 2 0.23 0.20 0.03
5 1 15 2 0.23 0.24 0.01
11 3 14 3 0.37 0.36 0.01
22 4 16 4 0.52 0.45 0.07
4 1 10 4 0.52 0.53 0.01
10 3 12 4 0.52 0.54 0.02
9 3 11 5 0.68 0.68 0.00
21 4 12 5 0.68 0.69 0.01
8 3 10 5 0.68 0.80 0.12
3 1 6 7 0.99 0.83 0.16
20 4 11 5 0.68 0.84 0.16
2 1 4 7 0.99 0.98 0.01
19 4 10 7 0.99 0.98 0.01
1 1 1 8 1.16 1.15 0.01
18 4 8 9 1.32 1.29 0.03
17 4 7 10 1.47 1.45 0.02
16 4 6 11 1.62 1.62 0.00
15 4 5 12 1.79 1.78 0.01
7 3 3 13 1.94 1.87 0.07
14 4 4 13 1.94 1.94 0.00
6 3 2 14 2.07 2.04 0.03







WITH LIGHT TABLE COVERED
SAMPLE SCALE STEP NBVD NBVD EST. REAL DIFFERENCE
# # # # DENSITY DENSITY
12 3 17 2 0.23 0.20 0.03
5 1 15 2 0.23 0.24 0.01
11 3 14 3 0.37 0.36 0.01
22 4 16 4 0.52 0.45 0.07
4 1 10 4 0.52 0.53 0.01
10 3 12 4 0.52 0.54 0.02
9 3 11 5 0.68 0.68 0.00
21 4 12 5 0.68 0.69 0.01
8 3 10 6 0.82 0.80 0.02
3 1 6 6 0.82 0.83 0.01
20 4 11 6 0.82 0.84 0.02
2 1 4 7 0.99 0.98 0.01
19 4 10 7 0.99 0.98 0.01
1 1 1 8 1.16 1.15 0.01
18 4 8 9 1.32 1.29 0.03
17 4 7 10 1.47 1.45 0.02
16 4 6 11 1.62 1.62 0.00
15 4 5 12 1.79 1.78 0.01
7 3 3 12 1.79 1.87 0.08
14 4 4 13 1.94 1.94 0.00
6 3 2 14 2.07 2.04 0.03





WITH LIGHT TABLE UNCOVERED
SAMPLE SCALE STEP NBVD NBVD EST. REAL DIFFERENCE
# # # # DENSITY DENSITY
12 3 17 2 0.23 0.20 0.03
5 1 15 2 0.23 0.24 0.01
11 3 14 3 0.37 0.36 0.01
22 4 16 3 0.37 0.45 0.08
4 1 10 4 0.52 0.53 0.01
10 3 12 4 0.52 0.54 0.02
9 3 11 5 0.68 0.68 0.00
21 4 12 4 0.52 0.69 0.17
8 3 10 6 0.82 0.80 0.02
3 1 6 6 0.82 0.83 0.01
20 4 11 6 0.82 0.84 0.02
2 1 4 7 0.99 0.98 0.01
19 4 10 7 0.99 0.98 0.01
1 1 1 9 1.32 1.15 0.17
18 4 8 9 1.32 1.29 0.03
17 4 7 10 1.47 1.45 0.02
16 4 6 11 1.62 1.62 0.00
15 4 5 12 1.79 1.78 0.01
7 3 3 13 1.94 1.87 0.07
14 4 4 13 1.94 1.94 0.00
6 3 2 13 1.94 2.04 0.10
13 4 3 14 2.07 2.04 0.03





WITH LIGHT TABLE COVERED
SAMPLE SCALE STEP NBVD NBVD EST. REAL DIFFERENCE
# # # # DENSITY DENSITY
12 3 17 2 0.23 0.20 0.03
5 1 15 2 0.23 0.24 0.01
11 3 14 3 0.37 0.36 0.01
22 4 16 3 0.37 0.45 0.08
4 1 10 4 0.52 0.53 0.01
10 3 12 4 0.52 0.54 0.02
9 3 11 5 0.68 0.68 0.00
21 4 12 5 0.68 0.69 0.01
8 3 10 6 0.82 0.80 0.02
3 1 6 6 0.82 0.83 0.01
20 4 11 6 0.82 0.84 0.02
2 1 4 7 0.99 0.98 0.01
19 4 10 7 0.99 0.98 0.01
1 1 1 8 1.16 1.15 0.01
18 4 8 9 1.32 1.29 0.03
17 4 7 10 1.47 1.45 0.02
16 4 6 11 1.62 1.62 0.00
15 4 5 12 1.79 1.78 0.01
7 3 3 13 1.94 1.87 0.07
14 4 4 13 1.94 1.94 0.00
6 3 2 14 2.07 2.04 0.03






WITH LIGHT TABLE UNCOVERED
SAMPLE SCALE STEP NBVD NBVD EST. REAL DIFFERENCE
# # # # DENSITY DENSITY
12 3 17 2 0.23 0.20 0.03
5 1 15 2 0.23 0.24 0.01
11 3 14 3 0.37 0.36 0.01
22 4 16 4 0.52 0.45 0.07
4 1 10 5 0.68 0.53 0.15
10 3 12 4 0.52 0.54 0.02
9 3 11 5 0.68 0.68 0.00
21 4 12 5 0.68 0.69 0.01
8 3 10 6 0.82 0.80 0.02
3 1 6 6 0.82 0.83 0.01
20 4 11 6 0.82 0.84 0.02
2 1 4 7 0.99 0.98 0.01
19 4 10 7 0.99 0.98 0.01
1 1 1 8 1.16 1.15 0.01
18 4 8 9 1.32 1.29 0.03
17 4 7 10 1.47 1.45 0.02
16 4 6 11 1.62 1.62 0.00
15 4 5 12 1.79 1.78 0.01
7 3 3 12 1.79 1.87 0.08
14 4 4 13 1.94 1.94 0.00
6 3 2 14 2.07 2.04 0.03






WITH LIGHT TABLE COVERED
SAMPLE SCALE STEP NBVD NBVD EST. REAL DIFFERENCE
# # # # DENSITY DENSITY
12 3 17 2 0.23 0.20 0.03
5 1 15 3 0.37 0.24 0.13
11 3 14 3 0.37 0.36 0.01
22 4 16 3 0.37 0.45 0.08
4 1 10 4 0.52 0.53 0.01
10 3 12 4 0.52 0.54 0.02
9 3 11 5 0.68 0.68 0.00
21 4 12 5 0.68 0.69 0.01
8 3 10 6 0.82 0.80 0.02
3 1 6 6 0.82 0.83 0.01
20 4 11 6 0.82 0.84 0.02
2 1 4 7 0.99 0.98 0.01
19 4 10 7 0.99 0.98 0.01
1 1 1 8 1.16 1.15 0.01
18 4 8 9 1.32 1.29 0.03
17 4 7 10 1.47 1.45 0.02
16 4 6 11 1.62 1.62 0.00
15 4 5 12 1.79 1.78 0.01
7 3 3 12 1.79 1.87 0.08
14 4 4 13 1.94 1.94 0.00
6 3 2 14 2.07 2.04 0.03





WITH LIGHT TABLE UNCOVERED
SAMPLE SCALE STEP NBVD NBVD EST. REAL DIFFERENCE
# # # # DENSITY DENSITY
12 3 17 2 0.23 0.20 0.03
5 1 15 2 0.23 0.24 0.01
11 3 14 3 0.37 0.36 0.01
22 4 16 4 0.52 0.45 0.07
4 1 10 4 0.52 0.53 0.01
10 3 12 4 0.52 0.54 0.02
9 3 11 5 0.68 0.68 0.00
21 4 12 5 0.68 0.69 0.01
8 3 10 6 0.82 0.80 0.02
3 1 6 6 0.82 0.83 0.01
20 4 11 6 0.82 0.84 0.02
2 1 4 7 0.99 0.98 0.01
19 4 10 7 0.99 0.98 0.01
1 1 1 8 1.16 1.15 0.01
18 4 8 9 1.32 1.29 0.03
17 4 7 10 1.47 1.45 0.02
16 4 6 11 1.62 1.62 0.00
15 4 5 12 1.79 1.78 0.01
7 3 3 13 1.94 1.87 0.07
14 4 4 13 1.94 1.94 0.00
6 3 2 14 2.07 2.04 0.03





WITH LIGHT TABLE COVERED
SAMPLE SCALE STEP NBVD NBVD EST. REAL DIFFERENCE
# # # # DENSITY DENSITY
12 3 17 2 0.23 0.20 0.03
5 1 15 2 0.23 0.24 0.01
11 3 14 3 0.37 0.36 0.01
22 4 16 3 0.37 0.45 0.08
4 1 10 4 0.52 0.53 0.01
10 3 12 4 0.52 0.54 0.02
9 3 11 5 0.68 0.68 0.00
21 4 12 5 0.68 0.69 0.01
8 3 10 6 0.82 0.80 0.02
3 1 6 6 0.82 0.83 0.01
20 4 11 6 0.82 0.84 0.02
2 1 4 7 0.99 0.98 0.01
19 4 10 7 0.99 0.98 0.01
1 1 1 8 1.16 1.15 0.01
18 4 8 10 1.47 1.29 0.18
17 4 7 10 1.47 1.45 0.02
16 4 6 11 1.62 1.62 0.00
15 4 5 12 1.79 1.78 0.01
7 3 3 13 1.94 1.87 0.07
14 4 4 13 1.94 1.94 0.00
6 3 2 14 2.07 2.04 0.03





WITH LIGHT TABLE UNCOVERED
SAMPLE SCALE STEP NBVD NBVD EST. REAL DIFFERENCE
# # # # DENSITY DENSITY
12 3 17 2 0.23 0.20 0.03
5 1 15 2 0.23 0.24 0.01
11 3 14 3 0.37 0.36 0.01
22 4 16 4 0.52 0.45 0.07
4 1 10 5 0.68 0.53 0.15
10 3 12 4 0.52 0.54 0.02
9 3 11 5 0.68 0.68 0.00
21 4 12 4 0.52 0.69 0.17
8 3 10 6 0.82 0.80 0.02
3 1 6 6 0.82 0.83 0.01
20 4 11 6 0.82 0.84 0.02
2 1 4 7 0.99 0.98 0.01
19 4 10 7 0.99 0.98 0.01
1 1 1 9 1.32 1.15 0.17
18 4 8 9 1.32 1.29 0.03
17 4 7 10 1.47 1.45 0.02
16 4 6 11 1.62 1.62 0.00
15 4 5 12 1.79 1.78 0.01
7 3 3 12 1.79 1.87 0.08
14 4 4 13 1.94 1.94 0.00
6 3 2 13 1.94 2.04 0.10





WITH LIGHT TABLE COVERED
SAMPLE SCALE STEP NBVD NBVD EST. REAL DIFFERENCE
# # # # DENSITY DENSITY
12 3 17 2 0.23 0.20 0.03
5 1 15 2 0.23 0.24 0.01
11 3 14 3 0.37 0.36 0.01
22 4 16 4 0.52 0.45 0.07
4 1 10 4 0.52 0.53 0.01
10 3 12 4 0.52 0.54 0.02
9 3 11 5 0.68 0.68 0.00
21 4 12 5 0.68 0.69 0.01
8 3 10 6 0.82 0.80 0.02
3 1 6 6 0.82 0.83 0.01
20 4 11 6 0.82 0.84 0.02
2 1 4 7 0.99 0.98 0.01
19 4 10 7 0.99 0.98 0.01
1 1 1 8 1.16 1.15 0.01
18 4 8 9 1.32 1.29 0.03
17 4 7 10 1.47 1.45 0.02
16 4 6 11 1.62 1.62 0.00
15 4 5 12 1.79 1.78 0.01
7 3 3 13 1.94 1.87 0.07
14 4 4 13 1.94 1.94 0.00
6 3 2 14 2.07 2.04 0.03





WITH LIGHT TABLE UNCOVERED
SAMPLE SCALE STEP NBVD NBVD EST. REAL DIFFERENCE
# # # # DENSITY DENSITY
12 3 17 2 0.23 0.20 0.03
5 1 15 2 0.23 0.24 0.01
11 3 14 3 0.37 0.36 0.01
22 4 16 4 0.52 0.45 0.07
4 1 10 5 0.68 0.53 0.15
10 3 12 4 0.52 0.54 0.02
9 3 11 5 0.68 0.68 0.00
21 4 12 5 0.68 0.69 0.01
8 3 10 6 0.82 0.80 0.02
3 1 6 6 0.82 0.83 0.01
20 4 11 6 0.82 0.84 0.02
2 1 4 7 0.99 0.98 0.01
19 4 10 7 0.99 0.98 0.01
1 1 1 8 1.16 1.15 0.01
18 4 8 9 1.32 1.29 0.03
17 4 7 10 1.47 1.45 0.02
16 4 6 11 1.62 1.62 0.00
15 4 5 12 1.79 1.78 0.01
7 3 3 12 1.79 1.87 0.08
14 4 4 13 1.94 1.94 0.00
6 3 2 14 2.07 2.04 0.03






WITH LIGHT TABLE COVERED
SAMPLE SCALE STEP NBVD NBVD EST. REAL DIFFERENCE
* # # # DENSITY DENSITY
12 3 17 2 0.23 0.20 0.03
5 1 15 2 0.23 0.24 0.01
11 3 14 3 0.37 0.36 0.01
22 4 16 3 0.37 0.45 0.08
4 1 10 4 0.52 0.53 0.01
10 3 12 3 0.37 0.54 0.17
9 3 11 5 0.68 0.68 0.00
21 4 12 4 0.52 0.69 0.17
8 3 10 6 0.82 0.80 0.02
3 1 6 6 0.82 0.83 0.01
20 4 11 6 0.82 0.84 0.02
2 1 4 7 0.99 0.98 0.01
19 4 10 7 0.99 0.98 0.01
1 1 1 8 1.16 1.15 0.01
18 4 8 10 1.47 1.29 0.18
17 4 7 10 1.47 1.45 0.02
16 4 6 11 1.62 1.62 0.00
15 4 5 12 1.79 1.78 0.01
7 3 3 12 1.79 1.87 0.08
14 4 4 13 1.94 1.94 0.00
6 3 2 14 2.07 2.04 0.03





WITH LIGHT TABLE UNCOVERED
SAMPLE SCALE STEI' NBVD NBVD EST. REAL DIFFERENCE
# # # # DENSITY DENSITY
12 3 17 2 0.23 0.20 0.03
5 1 15 2 0.23 0.24 0.01
11 3 14 3 0.37 0.36 0.01
22 4 16 4 0.52 0.45 0.07
4 1 10 4 0.52 0.53 0.01
10 3 12 4 0.52 0.54 0.02
9 3 11 4 0.52 0.68 0.16
21 4 12 4 0.52 0.69 0.17
8 3 10 6 0.82 0.80 0.02
3 1 6 6 0.82 0.83 0.01
20 4 11 6 0.82 0.84 0.02
2 1 4 7 0.99 0.98 0.01
19 4 10 7 0.99 0.98 0.01
1 1 1 9 1.32 1.15 0.17
18 4 8 9 1.32 1.29 0.03
17 4 7 10 1.47 1.45 0.02
16 4 6 11 1.62 1.62 0.00
15 4 5 12 1.79 1.78 0.01
7 3 3 13 1.94 1.87 0.07
14 4 4 13 1.94 1.94 0.00
6 3 2 14 2.07 2.04 0.03
13 4 3 14 2.07 2.04 0.03






WITH LIGHT TABLE COVERED
SAMPLE SCALE STEP NBVD NBVD EST. REAL DIFFERENCE
# # # # DENSITY DENSITY
12 3 17 2 0.23 0.20 0.03
5 1 15 2 0.23 0.24 0.01
11 3 14 3 0.37 0.36 0.01
22 4 16 3 0.37 0.45 0.08
4 1 10 5 0.68 0.53 0.15
10 3 12 4 0.52 0.54 0.02
9 3 11 5 0.68 0.68 0.00
21 4 12 4 0.52 0.69 0.17
8 3 10 6 0.82 0.80 0.02
3 1 6 6 0.82 0.83 0.01
20 4 11 6 0.82 0.84 0.02
2 1 4 7 0.99 0.98 0.01
19 4 10 7 0.99 0.98 0.01
1 1 1 8 1.16 1.15 0.01
18 4 8 10 1.47 1.29 0.18
17 4 7 10 1.47 1.45 0.02
16 4 6 11 1.62 1.62 0.00
15 4 5 12 1.79 1.78 0.01
7 3 3 12 1.79 1.87 0.08
14 4 4 13 1.94 1.94 0.00
6 3 2 13 1.94 2.04 0.10
13 4 3 14 2.07 2.04 0.03






WITH LIGHT TABLE UNCOVERED
SAMPLE SCALE STEP NBVD NBVD EST. REAL DIFFERENCE
# # # # DENSITY DENSITY
12 17 2 0.23 0.20 0.03
5 1 15 2 0.23 0.24 0.01
11 3 14 3 0.37 0.36 0.01
22 4 16 3 0.37 0.45 0.08
4 1 10 4 0.52 0.53 0.01
10 3 12 4 0.52 0.54 0.02
9 3 11 5 0.68 0.68 0.00
21 4 12 5 0.68 0.69 0.01
8 3 10 6 0.82 0.80 0.02
3 1 6 6 0.82 0.83 0.01
20 4 11 6 0.82 0.84 0.02
2 1 4 7 0.99 0.98 0.01
19 4 10 7 0.99 0.98 0.01
1 1 1 8 1.16 1.15 0.01
18 4 8 9 1.32 1.29 0.03
17 4 7 11 1.62 1.45 0.17
16 4 6 11 1.62 1.62 0.00
15 4 5 12 1.79 1.78 0.01
7 3 3 12 1.79 1.87 0.08
14 4 4 13 1.94 1.94 0.00
6 3 2 14 2.07 2.04 0.03
13 4 3 14 2.07 2.04 0.03
MEAN= 0.027273
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